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Introduction and Motivation

• NASA under the Advanced Air Vehicles Program is developing technologies 

and capabilities to support design of supersonic flight vehicles

-- Technical Challenges – Noise (sonic boom, community, and propulsion)

-- Technology areas – Several, among them AeroPropolsoServoElasticity

AeroPropulsoServoElasticity (APSE): The objective is to develop dynamic 

propulsion, structural, and aerodynamic system models and controls and integrate 

them together to study vehicle performance for vehicle stability, ride quality, and 

aerodynamic efficiency.

Supersonics

Integrated APSE (propulsion & structure) vehicle 

modeling in MATLAB/Simulink

FUN3D Propulsion Model

Integrated FUN3D Vehicle 

Model
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Introduction and Motivation

Vehicle design needs to meet certain emissions and noise standards

Geometry

Length Span Height

244 ft 84 ft 30.5 ft

Cruise Operating Condition

Altitude Mach Angle of 

Attack

50,000 ft 1.7 2.25 deg.
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TBCC Propulsion Technologies 
for space access vehicles

Inlet mode transition and system integration issues are major elements
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Turbine-Based Combined-Cycle Propulsion 

System Development for Access-to-Space

• Access-to-space launch 

propulsion systems are 

rocket powered, limited 

launch sites, costly 

operations

• Mode transition (open-

loop control) has been 

demonstrated in wind 

tunnel tests for isolated 

high-performance inlet

• Mach 3-capable turbine 

engine & nozzle have 

been successfully SLS-

tested

Horizontal Launch TBCC:

• Lowers risk of loss of vehicle

• Increased operational 

flexibility

• Lowers cost per pound of 

payload to orbit

• Ensure stable operation 

of propulsion system 

flowpaths during mode 

transition

• Develop database for 

CFD & controls model 

validation

• Integrate M3-capable 

turbine engine; validate 

operability

• Demonstrate closed-loop 

control strategies to enable 

smooth & stable mode 

transition for high speed flight

• System demonstration of 

integrated turbine engine and 

simulated scramjet

•Provide safe, reliable, reusable & economical 

access to space  mature air-breathing 

horizontal launch propulsion system technology

Stable transition from one propulsion mode to 

another while maintaining thrust
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